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The Alternative Complex III (ACIII) is a multisubunit energy-
conserving integral membrane protein complex that is proposed to be
a functional replacement for bacterial cytochrome bc1 or b6f complex.
Clues to the structure and function of this novel complex come from
its relation to other bacterial enzyme families. The ACIII complex has
menaquinone:electron acceptor oxidoreductase activity and contains
protein subunits with multiple Fe–S centers and c-type hemes. ACIII is
found in a diverse group of bacteria, including both phototrophic and
nonphototrophic taxa. In the phototrophic ﬁlamentous anoxygenic
phototrophs, the electron acceptor is the small blue copper protein
auracyanin instead of a soluble cytochrome. Recent work on ACIII is
explored with particular focus on the photosynthetic systems and
potential electron transfer pathways and mechanisms. Taken togeth-
er, the ACIII complexes constitute a unique system for photosynthetic
electron transfer and energy conservation.
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Plasmonic metal-nanostructures are an emerging tool for manipulat-
ing optical properties of ﬂuorophores. They are used for enhancing the
sensitivity of ﬂuorescence-based assays in drug discovery and high-
throughput screenings as well as in immunoassays. Even plasmon-
assisted detection of biological reactions in vivo has been suggested. The
fast evolving range of applications for plasmonic nanomaterials make a
deeper understanding of nanostructure–protein interactions necessary.
During the last years different constructs of photosystem I (PSI) and
nanoparticles were investigated in order to enhance the function of PSI
[1]. Some of these constructs are also able to produce hydrogen upon
illumination [2]. Here, I focus on the question, how the optical properties
of PSI – a huge multi-chromophore FRET-coupled system – are modiﬁed
by nearby plasmonic nanostructures [3,4]. The optical properties of these
constructs are investigated by low temperature single-molecule spec-
troscopy. The used constructs are formed by PSI and nanoparticles/
nanostructures made from gold and silver (see e.g. Fig. 1). Beside
remarkable ﬂuorescence-enhancement, signiﬁcant changes of the char-
acteristic ﬂuorescence emission from PSI were observed. Particularly, the
higher energy chlorophylls with site-energies close to the reaction center
show increased deactivation via ﬂuorescence emission, thereby, reducing
the efﬁciency of energy transfer towards the site of charge separation
(P700), and thereby, the protein function. This reduction will also affect
the efﬁciency of PSI-nanoparticle hybrids discussed for biotechnological
applications [2]. It can be supposed that altered responses can generally
be expected for multi-chromophore FRET-coupled systems near to
plasmonic nanostructures. The observed spectral changes are discussed
in a general frameworkof plasmonic interactionwithmulti-chromophore
systems [3].
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Structure determination of proteins and protein super complexes
is as its ﬁnest with a high resolution X-ray (b2.5 Å) diffraction of
macromolecular crystals. The information gathered is in detail and
precision unchallenged from other methods in structural biology. In
contrast to its obvious impact it is static and therefore not automatic
answering questions about dynamic biological processes. With the
new developed technique of serial femtosecond crystallography
(SFX) [1,2,3] we are now providing the transition from molecular
snapshots to molecular movies. Molecular dynamics of proteins and
protein complexes can now be studied in the time domain from
milliseconds to femtoseconds.
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At the moment, it is necessary to provide a stream of nanocrystals
to obtain thousands of single diffraction patterns which are merged
and combined to datasets. With improved reﬁnement methods like
DEN (dynamic elastic networks) the obtained structures are now
subject for not phase biased reﬁnement up to 7 Å resolution [4].
In photosystem II the Mn4O5Ca cluster from the water oxidizing
complex (WOC) will be investigated in respect of structural
transitions between the S-States during the oxidizing of water to
evolve molecular oxygen.
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In the photosynthetic reaction center from Rhodobacter sphaeroides,
the primary (QA) and secondary (QB) electron acceptors are both
ubiquinone-50 (Q-10), but with very different properties and
functions. QB is always seen to occupy the proximal location when
the RC was frozen under illumination — indicating that it is this
conformation which traps the semiquinone (SQB). Structures with QB
in the proximal position show HNδ of His-L190 as a potential H-bond
donor to the carbonyl oxygen O4, and backbone NH groups from Ile-
L224 and/or Gly-L225 plus the OH group of Ser-L223 as potential
H-bond donors to the O1 carbonyl oxygen. The presence of a H-bond
donation from the OH group of Ser-L223 is debatable with reports
appearing for and against the presence of such a bond to the O1 of the
quinone or the SQB. To study interactions of the SQB with a protein
environment that imparts functional differences, we have applied
X-band 1D and 2D ESEEM. 14N and 15N 2D ESEEM spectra clearly
show two nitrogens interacting with the SQB, each carrying
transferred unpaired spin density. Quadrupole coupling constants
indicate them to be a protonated nitrogen of a histidine residue and
the amide nitrogen of a peptide group. Lines from exchangeable
protons with three different anisotropic couplings were found in 1H
2D ESEEM spectra. We also found negligible spectroscopic differences
between the mutant with Ser-L223 changed to Ala and the wild type
protein (WT), indicating only minor perturbations in the SQB spin
density for the mutant. Qualitatively this suggests that a strong H-
bond does not exist in the WT between the Ser-L223 OH group and
the SQB O1 atom in the QAQB− state. We used QM/MM calculations on a
QB site model to assign the 1H and 14N tensors to speciﬁc H-bond
interactions with SQB, and we compared this with the SQA site. We
showed quantitatively that a WT model in which the Ser-L223 OH
group is rotated to prevent H-bond formation with the O1 atom of the
SQB predicts negligible change for the mutant. This, together with the
better agreement between key QM/MM calculated and experimental
1H, 14N, 13C and 17O hyperﬁne couplings for the non-hydrogen
bonded model, leads us to conclude that no H-bond is formed
between the Ser-L223 OH group and the SQB O1 atom after the ﬁrst
ﬂash. The calculations also reproduce a difference in the asymmetry
of spin density distribution between SQ of the QA and QB sites, in
agreement with data about 17O and 13C couplings of carbonyl groups.
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